The crystal and molecular structure of 2′-OMe(CGCGCG) 2 has been determined at 1.19 Å resolution, at 100 K, using synchrotron radiation. The structure in space group P3 2 12 is a half-turn righthanded helix that includes two 2-methyl-2,4-pentanediol (MPD) molecules bound in the minor groove. The structure deviates from A-form RNA. The duplex is overwound with an average value of 9.7 bp per turn, characterised as having a C3′-endo sugar pucker, very low base pair rise and high helical twist and inclination angles. The structure includes 65 ordered water molecules. Only a single row of water molecules is observed in the minor groove due to the presence of hydrophobic 2′-O-methyl groups. As many as five magnesium ions are located in the structure. Two are in the major groove and interact with O 6 and N 7 of guanosine and N 4 of cytidine residues through their hydration spheres. This work provides the first example of molecular interactions of nucleic acids with MPD, which was used as a precipitant, cryosolvent and resolution enhancing agent. The two MPD molecules intrude into the hydration network in the minor groove, each forming hydrogen bonds between their secondary hydroxyl group and exoamino functions of guanosine residues. Comparison of the 2′-O-Me(CGCGCG) 2 structure in the P3 2 12 and P6 1 22 crystals delineates stability of the water network within the minor groove to dehydration by MPD and is of interest for evaluating factors governing small molecule binding to RNA. Intrusion of MPD into the minor groove of 2′-O-Me(CGCGCG) 2 is discussed with respect to RNA dehydration, a prerequisite of Z-RNA formation.
INTRODUCTION
Double-stranded regions, predominant in RNA structure, exist mostly in the right-handed helical A-form with a geometry close to the average parameters determined from fibre diffraction (1, 2) . Inspection of high resolution X-ray RNA structures currently available in the Nucleic Acids Database (NDB) (3) reveals not only conformational details of helices and other domains of considerable complexity but also allows a detailed interpretation of RNA hydration schemes (4) and magnesium binding sites (5) (6) (7) . It is now generally accepted that hydration (8, 9) and metal-binding sites (5, 10, 11) are integral parts of RNA structure and are of crucial importance for the physical properties of RNA and a wide variety of biological functions.
One of the most intriguing features of some RNAs, directly related to the phenomena of RNA hydration and metal binding, is their tendency to form left-handed double helices, termed Z-RNA. Poly[r(CG)] (12) and shorter duplexes like (CGCGCG) 2 (13) are able to form Z-RNA under conditions of high salt, such as 6 M NaClO 4 or 2.7 M MgCl 2 . Salts have a high impact on the polyanionic structure of nucleic acids and their water shells (2, 14) . In the case of helicity reversal of right-handed (CG) n duplexes, salt at high concentrations is necessary to screen repulsion between electronegative phoshates in the left-handed form (15, 16) and interact with the water shell around RNA leading to its dehydration (13) . A similar effect can also be induced under conditions of high pressure (17, 18) or by addition of alcohols, e.g. ethanol, which, due to its dehydrating properties, decreases the threshold of salt concentration necessary to induce helicity reversal (16, 19) . The mode of action of alcohols on a molecular level is unknown.
In DNA, the Z-form has been observed in vivo, where it is stabilised by negative supercoiling of DNA upstream of the moving RNA polymerase (20) . The biological role of Z-RNA (21, 22) has long been in question, due to non-physiological environmental conditions necessary to induce formation of left-handed double helical tracts in vitro. A turning point in this respect may be the recent report on Z-RNA induction and stabilisation by human dsRNA adenosine deaminase, an important enzyme involved in hypermutation of RNA viruses (23) .
Despite a wealth of accumulated physical data, including the preliminary X-ray structure of (CG Br CG Br ) 2 (24) and NMR structures of (CGCGCG) 2 (25) in the Z-form, the mechanism of RNA helicity reversal still awaits explanation. It also remains to be seen why right-handed RNA duplexes containing alternating CG base pairs undergo this transition much more easily than those containing UA base pairs (17) . Clearly, elucidation of the factors governing the tendency to form Z-RNA requires more data on the structure of righthanded RNA and its hydration, the latter being highly influenced by environmental conditions.
Recently we reported low salt solution structures of (CGCGCG) 2 (PDB no. 1PBM) and 2′-O-Me(CGCGCG) 2 (PDB no. 1PBL) duplexes (26) . These short right-handed duplexes revealed structures with large deviations from canonical A-RNA. To our surprise the structure of (CGCGCG) 2 was little changed upon 2′-O-methylation. In parallel, the crystal structure of the 2′-O-Me(CGCGCG) 2 duplex was solved in space group P6 1 22 at 1.30 Å resolution, at 277 K (NDB no. ARFS26) (27) . The structure was similar to the model obtained in solution and revealed a characteristic hydration pattern consisting of regular clusters of water molecules in the major groove and a single row of water molecules in the minor groove. Although these observations have raised some interest (28) , it remains to be seen whether structural similarities between 2′-O-MeRNA and RNA will be found for other sequences.
A knowledge of the structure and hydration of this small subclass of right-handed RNA helices has given us new insights in our ongoing studies of salt-and alcohol-induced helicity reversal in RNA duplexes. In contrast to (CG) n RNA duplexes, 2′-O-Me(CGCGCG) 2 does not undergo reversal to Z-RNA even under conditions of high pressure and remains in the right-handed form (29) .
2-Methyl-2,4-pentanediol (MPD), due to its mild dehydrating properties, is often used as a precipitating agent in the crystallisation of biomolecules. It is also commonly used as a cryoprotectant in crystallography. Several examples are known of MPD binding to proteins in an orderly manner recognisable in electron density maps (30) . To date no such examples are available among the coordinates for nucleic acids structures deposited in the NDB.
Here we present the X-ray structure of 2′-O-Me(CGCGCG) 2 at 1.19 Å resolution, a 2′-O-modified RNA molecule with stereoselectively bound (S)-MPD, measured at 100 K in space group P3 2 12. Detailed analysis of the hydration scheme in the cryo-cooled structure led to identification of five bound magnesium ions and provides the first example of detailed molecular interactions of nucleic acids with MPD. The intrusion of MPD into the hydration shell of right-handed (CG) n RNA will be discussed in view of known MPD properties to promote helical transitions and condensation of DNA duplexes in solution (31) . We suggest that the 2′-O-Me(CGCGCG) 2 cryo-structure might be taken as a model of a molecule arrested, due to 2′-O-methylation, in the right-handed state and incapable of Z-RNA formation. We hope that the results presented here lead to a deeper understanding of the RNA hydration shell, modes of water-mediated binding of small molecules (inhibitors) to RNA and factors governing RNA dehydration.
MATERIALS AND METHODS

Oligoribonucleotide crystals
The hexamer 2′-O-Me(CGCGCG) was prepared by phosphoramidite chemistry (32) . Duplex crystals were grown at 20°C by hanging drop/vapour diffusion. After an extensive search, two forms of monocrystals were obtained under the following conditions: 5 mg/ml RNA in 50 mM HEPES buffer pH 7.5, 15 mM MgCl 2 , 1 mM spermine tetrahydrochloride and 30-40% (R,S) MPD (Sigma) as precipitating agent. The structure related to one form, P6 1 22, was solved earlier (27) . In this work we deal with a second form crystallised in the P3 2 12 space group and subjected to cryo-protection with MPD.
Crystallographic data collection and processing
All the X-ray diffraction data were collected from a single crystal that prior to measurement had been immersed for ∼2 min in 100% (R,S) MPD. The data were collected at 100 K using synchrotron radiation from the BW7A wiggler line of the DORIS storage ring at the EMBL outstation at DESY, Hamburg, using an 18 cm MarResearch imaging plate scanner. Three data sets were collected, at long, medium and short exposures, to record intensities at high, medium and low resolution. The intensities were integrated and scaled using the DENZO/SCALEPACK program suite (33) . Outliers were rejected based on the χ 2 test implemented in SCALEPACK.
The post-refinement option was used to refine the cell parameters. The X-ray data are summarised in Table 1 . The structure was refined by stereochemically restrained least squares minimisation as implemented in the program SHELXL (36) . The integrated diffraction intensities between 20 and 1.19 Å were used in the refinement, rather than the structure factor amplitudes. The geometric restraints were derived from the standard dictionary used in the CCP4 program suite (35) . Planarity restraints were imposed on the guanine and cytosine rings, as well as restraints on bond lengths and bond angles. Cycles of least squares refinement were interspersed with rounds of manual rebuilding based on (3F o -2F c ) and (F o -F c ) maps, using the program TURBO-FRODO (37) . Initially only isotropic temperature factors were refined, but in the later stages of refinement the B factors were refined anisotropically. Solvent molecules were inserted automatically using the program ARP_WARP (38) and inspected individually for agreement with the electron density maps. In the final stage of refinement occupancy factors were refined for water and magnesium ions, except for one magnesium lying on the two-fold axis and bridging two RNA molecules. Two MPD molecules were built into the electron density as the (S) enantiomorph, which seems to predominate at both sites, although some weak features in the electron density could be interpreted as the other enantiomorph or possibly another orientation of the MPD molecules. Refinement was terminated when it was felt that no further significant improvement in the model could be achieved. Refinement was performed using the conjugate gradient algorithm. After it was completed, one additional cycle of minimisation was executed using the full-matrix least-squares method in order to obtain direct estimates of errors in atomic positions and temperature factors. To decrease the size of the computation the model was divided into three blocks, two containing one RNA strand each and one block for the remaining atoms. All restraints and shift damping were removed in that cycle. Because of the unrestrained mode of this refinement cycle the resulting model was not used. Helical parameters were calculated using program CURVES 5.11 (39) .
RESULTS
The refined model and crystal packing
The The crystal lattice consists of helical half-turns of hexamer duplexes base stacked head-to-tail, forming pseudo-infinite helices (Fig. 1) , arranged in layers one molecule thick, perpendicular to the 3-fold screw axis. The neighbouring layers are at 120°to each other. The structure is similar to the P6 1 22 crystal structure although the space group is different. The solvent content is 38% of the crystal volume, assuming a constant RNA density of 1.7 g/cm 3 (40) . The asymmetric unit in both crystal forms contains one duplex, but the volume of the asymmetric unit is smaller than in the hexagonal crystal by 14% and the solvent content is reduced by 20%.
Overall structure of 2′-O-Me(CGCGCG) 2
In the crystal lattice the self-complementary hexamer 2′-OMe(CGCGCG) forms approximately one half-turn of a righthanded RNA helix (Fig. 2) . The overall structure of 2′-OMe(CGCGCG) 2 deviates from canonical A-RNA and is similar to the structure found in the P6 1 22 crystal form at 1.30 Å resolution, at 277 K (27) , and to solution structures of (CGCGCG) 2 and 2′-O-Me(CGCGCG) 2 (26) . The duplex is overwound and contains 9.7 bp per helical turn. The 2′-Omethyl groups point towards the minor groove. All sugars are in the stabilised C3′-endo pucker with P N values of 6-25°. All residues are characterised by high pucker amplitudes (average Φ = 45) and by anti glycosidic bond angles ( Table 2 ). The γ torsion angle ranged from 30°to 52°, describing the (+) gauche conformations. Watson-Crick base pairing is observed throughout the duplex. Table 3 shows the helical parameters of the duplex structure calculated using the program CURVES 5.11 (39) . The rise parameter within the core of the duplex is very small (1.9 Å) and its value rises to 2.7-3.0 Å at the ends of the duplex. Helical twist angles (36-39°) are higher than is typical for A-RNA helices; the inclination and propeller twist angles are also elevated. A characteristic stacking pattern was observed for 2′-O-Me(CGCGCG) 2 similar to the P6 1 22 crystal structure (Fig. 3) .
Hydration, magnesium and MPD binding
The duplex is hydrated by 65 water molecules clearly defined in the (3F o -2F c ) map. The intra-strand phosphate oxygens (O1P) are water bridged with W-O1P distances ranging from 2.8 to 3.3 Å. These and other water molecules localised in the major groove form fused, planar, six-membered rings and nonplanar, five-membered rings for each RNA strand (Fig. 4) , as previously observed in the P6 1 22 crystal structure. The hydration network is completed by hydrogen bonds, with N 7 and O 6 of guanines acting as accepting sites (average distance 2.9 Å). The N 4 -H of cytosines are less strongly involved, with an average distance 3.6 Å. The same water molecules form weak hydrogen bonds with C 5 -H of cytosines (3.8 Å).
The minor groove, which is narrowed due to the presence of 2′-O-methyl groups, is hydrated by a single row of seven welldefined water molecules with distances ranging from 5.8 to 6.3 Å (Fig. 5) . Each water is wedged between two inter-strand 2′-O-methyl groups at a distance of ∼2.5 Å from the nearest water oxygen and 3.5 Å from the nearest methyl hydrogen. The waters bridge the duplex strands by donating a pair of hydrogen bonds either to two self-parallel cytosines or to two self-parallel guanines. The waters hydrogen bonded to the carbonyl O 2 of cytosines are at distances of 2.7-3.1 Å whilst the ones bridging the endo-cyclic N 3 of guanines are bound less strongly (3.1-3.5 Å). The hydration pattern in the minor groove extends across the axially stacked RNA molecules, with single water sites, lying exactly on the 2-fold axes, bridging C1A and C1B with their symmetry-related equivalents (Fig. 5) .
Five magnesium ions were observed in the structure (Fig. 2 ), three interacting with phosphate residues and two in the major groove (Fig. 4) . All three phosphate-bound magnesium ions form inner-or outer-sphere complexes, each magnesium bridging two phosphates from symmetry-related molecules in a lateral, column-to-column direction. MG1 forms an innersphere complex with phosphate G2A and an outer-sphere complex with phosphate C3A of the neighbouring molecule. MG2 forms an inner-sphere complex with phosphate G2B and an outer-sphere complex with phosphate C3B. MG3 bridges two duplexes through an inner-sphere complex with C5A and C5B phosphate oxygens (O2P). The coordination sphere of these magnesium ions is completed by water molecules.
The two magnesium ions located in the major groove form outer-sphere complexes spaning steps C5A-G6A (MG4) and C5B-G6B (MG5) (Fig. 4) . The magnesium is recognisable by its well-defined coordination distances and angles to its three visible ligands. Each magnesium ion coordinates three wellordered water molecules arrayed to the first RNA hydration shell; two of them are hydrogen bonded to N 7 and O 6 of guanine, and the third to N 4 of cytosine bases. The magnesium ion is positioned in the second hydration sphere of RNA and the remaining three water ligands would lie in the third hydration sphere, which is disordered in the crystal structure. Two MPD molecules are located in the minor groove (Fig. 5 ). Their sites are clearly defined in the (3F o -2F c ) map with occupancies of 0.7 for both (average B = 30 Å 2 for MPD1 and 37 Å 2 for MPD2). For each MPD molecule the oxygen of the secondary hydroxyl group is the hydrogen bond acceptor from the exo-NH 2 group of the G2A (MPD1) or G2B (MPD2) guanine residue (average hydrogen bond donor-acceptor distance 3.2 Å). The MPD molecule is in its compact form, being stabilised by an intramolecular hydrogen bond with the secondary hydroxyl group as the donor.
Inspection of the (3F o -2F c ) map where the 5′-ends of the duplex are close to each other reveals the presence of electron density which might correspond to a low occupancy MPD site, but no satisfactory fit could be obtained for a complete, ordered molecule (Fig. 4) .
DISCUSSION
Although the P3 2 12 crystal of 2′-O-Me(CGCGCG) 2 was obtained under similar conditions to the P6 1 22 form (27) , namely in the presence of 30-40% (R,S)-MPD, the crystal was then transferred to anhydrous (R,S)-MPD prior to diffraction measurement, to enhance diffraction, i.e. in a similar way to that developed in DNA crystallography (41, 42) . The high crystal quality, cryogenics and the use of synchrotron radiation allowed refinement of the model of the P3 2 12 structure and its hydration with exceptional accuracy. This presented a unique opportunity to investigate how high concentrations of MPD influence the structure in comparison to the X-ray structure in the P6 1 22 space group. As indicated above, there are some differences in conformational parameters of the 2′-O-methylated RNA duplex structures in the two crystal forms (Tables 2  and 3 ). However, the main novelty in the current P3 2 12 structure concerns hydration, magnesium binding and the presence of MPD molecules stereoselectively bound to RNA.
Major groove hydration and magnesium binding
The P3 2 12 crystal contains 20% less water than the P6 1 22 space group, making the RNA more condensed. The duplex structure is hydrated in a regular way with approximately 11 ordered water sites per base pair step. This value is lower than the average (15) (16) (17) (18) (19) (20) experimentally determined for nucleic acid structures (2) and the value estimated for CG base pairs in A-DNA (19 sites) (43) and (CG) 12 RNA (22 sites) (44, 45) .
Most of the water molecules are located near the phosphate groups and in the major groove, forming a regular pattern. The intra-strand phosphate oxygens (O1P) are water bridged, as in other crystal structures of oligonucleotide duplexes in the A-form (8, 46) ; the concept of economy of hydration (46) , formerly put forward to explain why more compact A-DNA structures need less hydration than B-DNA, finds a wider meaning when considering hydration of 2′-O-MeRNA versus RNA. The phosphate-water bridges form one edge of a sheet of water clusters consisting of fused five-and six-membered rings, each including one phosphate oxygen and four or five waters, respectively (Fig. 4) . The five-membered rings are non-planar while the hexameric rings are nearly planar. Such clusters were first seen in the 2′-O-Me(CGCGCG) 2 structure in the P6 1 22 crystal (27) . The water network is stabilised by hydrogen bonds donated to O 6 and N 7 of guanines as primary base sites, a feature seen in other RNA structures (4, 8, 47) . The remaining water molecules within the same hydration ring are less strongly bound, with only distant interactions (3.6-3.8 Å) between N 4 -H of cytosines and two of the remaining waters. The same cytosine residues form weak hydrogen bonds of C 5 -H type with waters (3.8 Å) in a similar manner to other CG pairs in RNA duplexes (4).
To our knowledge, the crystal structure of 2′-OMe(CGCGCG) 2 in the P3 2 12 crystal has the highest ratio of magnesium ions per base pair for a short RNA duplex crystal structure. All five magnesium ions are embedded in the hydration network in a unified architecture allowing water-and magnesium-mediated backbone-base contacts (Fig. 4) in a manner observed in several other RNA duplexes (5, 7, 11) and RNA-DNA chimeric duplexes (48) . The magnesium ions play two different roles: interacting with the phosphates and with the bases in the major groove. The strongest of the interphosphate interactions (via MG3) is an inner-sphere complex with phosphate ligands (C5A and C5B) from neighbouring duplexes. MG3 facilitates specific intermolecular contacts that compensate for the lack in 2′-O-Me(CGCGCG) 2 of a 2′-hydroxyl function, which in several RNA crystal structures plays a role in water-mediated RNA-RNA interactions (49) . It also compensates for the repulsive phosphate-phosphate interactions between two closely spaced duplexes. The other type of interaction involves mixed inner-and outer-sphere complexes neutralising charges on the phosphates. Formation of such magnesium bridges alters the typical pattern of intrastrand phosphate hydration in A-helices and has the effect on hydration statistics explained above.
Two magnesium ions are located in the major groove near the 3′-ends of the duplex, spanning CG step residues through outer-sphere complexes. The hydration of the magnesium ions is such that the geometry of their visible ligands fits well into the scheme of the first hydration sphere of the RNA molecule (Fig. 4) . As in other RNA duplexes (7) and RNA-DNA chimeric duplexes (48) , guanine O 6 and N 7 sites are primary Mg 2+ acceptors, in this case contributing two waters to its coordination sphere. The CG step, comprising C5A-G6A and C5B-G6B residues, is additionally stabilised by a third water of the magnesium coordination sphere accepting the hydrogen bond of the cytosine N 4 -H site. Although this interaction is much weaker, it plays an important role in positioning the magnesium within the characteristic hydration scheme of the major groove.
A re-examination of electron density in the P6 1 22 crystal structure, where only two magnesium ions were localised (27) forming salt bridges, revealed two small peaks in the second hydration shell of the major groove at locations corresponding to the Mg 2+ ions in the cryogenic structure and in similar configuration with the water ligands. This is consistent with observations made in DNA crystallography at near-atomic resolution that immersion of crystals in concentrated MPD results in better localisation and visualisation of metals (41, 42) and therefore a deeper understanding of their role in DNA structure.
Minor groove hydration and MPD binding
The 2′-O-methyl groups in the 2′-O-Me(CGCGCG) 2 structure point towards the minor groove, leading not only to its narrowing but also to increased hydrophobicity. The average distance between the inter-strand 2′-O-methyl carbons atoms is only 7.2 Å. This means that the space between 2′-O-methyl groups across the minor groove is only ∼3.2 Å, after taking into account the van der Waals radii. Therefore, only a single row of seven water molecules is observed in the minor groove of 2′-O-Me(CGCGCG) 2 (Fig. 5) , instead of two rows of water spanning free 2′-hydroxy groups in A-RNA duplexes, e.g. (CCCCGGGG) 2 (8) . The seven water molecules are not in contact with each other and, similar to the P6 1 22 crystal, none have access to RNA 2′-oxygens as hydrogen bond acceptors. Water molecules act as strong hydrogen bond donors spanning both oligoribonucleotide strands. Each water bridges, via a pair of hydrogen bonds, either two self-parallel cytosines or two self-parallel guanines. Hydrogen bonds from water to the O 2 carbonyl function of cytosines are stronger than those to the endo-cyclic N 3 of guanines. Such a pattern of water-mediated inter-base contacts in the minor groove offers an explanation as to why the bases in (CG) n alternating base pairs maintain their uncommon cross-strand parallel arrangement. This distinct architecture of hydration in the minor groove in this crystal structure and in the similar P6 1 22 space group (27) strongly suggests that the single row of water molecules within the minor groove is necessary to maintain the right-handed architecture in the (CG) n family of RNA duplexes.
The 2′-O-Me(CGCGCG) 2 structure in the P3 2 12 space group includes two MPD molecules bound in the minor groove. The (S) enantiomorph of MPD was primarily selected upon binding from the (R,S)-MPD mixture used during crystallography experiments. This is the first example of molecular interactions of a nucleic acid structure with MPD that was used as a precipitant, cryo-solvent and resolution enhancing agent. We find this surprising, since soaking crystals in concentrated MPD solution (42) has been common in recent years in the DNA field. It remains to be seen whether the increase in hydrophobicity of the minor groove due to the 2′-O-methyl groups is of importance in attracting MPD from bulk solution, as the methyl groups at the distal end of the MPD molecules point towards the 2′-O-methyl groups of the duplex.
Both the MPD molecules are located near the duplex 5′-ends. The MPD molecules intrude into the hydration layer of the minor groove (Fig. 5 ) without displacing any of the ordered water molecules observed in both the P3 2 12 and P6 1 22 crystals. This makes the overall scheme of hydrogen bonded and van der Waals interactions very dense within the minor groove. For each MPD molecule, the oxygen of the secondary hydroxyl group is the hydrogen bond acceptor from the exo-NH 2 group of the G2A (MPD1) or G2B (MPD2) residue. These interactions, with an average hydrogen bond donor-acceptor distance of 3.2 Å, are very well matched to the minor groove geometry and, most probably, are of importance for selection of the (S) enantiomorph upon binding from the (R,S)-MPD used. It should be pointed out that this mode of MPD intrusion cancels involvement of waters in the minor groove as weak acceptors from exo-NH 2 groups of guanines, a feature observed in the P6 1 22 crystal structure (27) .
The stereoselective binding of the (S) enantiomorph of MPD within the hydration network of the 2′-O-Me(CGCGCG) 2 structure gives an insight into the way alcohols and small ligands containing hydroxy groups interact with the primary hydration shells of RNA. This should be of interest in designing small molecules (inhibitors) with water-mediated binding affinities for the minor groove of nucleic acid duplexes (50) . The mode of MPD binding could also be relevant in elucidation of MPD involvement in oligonucleotide bending of A-DNA duplexes (51) .
Does the binding of MPD to 2′-O-Me(CGCGCG) 2 in the crystal structure help in evaluation of the dehydration processes that precede Z-RNA formation? It has been reported that MPD acts as a dehydrating agent inducing a helicity reversal transition in DNA duplexes containing alternating CG base pairs (31) . Interestingly, the resulting CD spectra of d(CGCGCG) 2 were similar to that of (CGCGCG) 2 , resembling spectra of Z-RNA reported earlier (13) , rather than Z-DNA (15). As noted above, 2′-O-Me(CGCGCG) 2 does not undergo reversal to Z-RNA (29) , in contrast to (CG) n RNA duplexes. This points primarily to the influence of 2′-O-methylation, which due to conjunction of both electronegative 2′-substitution and steric effects stabilises the pucker of sugar residues in their high C3′-endo conformation (26, 52) , thus making the sugar transitions necessary for Z-RNA formation energetically unfavourable. Nonetheless, the hydration pattern of these non-canonical RNA duplexes (53) might also be of importance.
We suggest that the 2′-O-Me(CGCGCG) 2 cryo-structure might be considered as a model of the (CG) n RNA molecule arrested, due to 2′-O-methylation, in the right-handed state and incapable of Z-RNA formation. Thus, the intrusion of MPD into the hydration shell of 2′-O-Me(CGCGCG) 2 indicates the manner of RNA dehydration that precedes Z-RNA formation. Besides the two (S)-MPD molecules clearly shown in the minor groove, we have also observed electron density close to the duplex 5′-ends. The density remained uninterpreted, being too disordered for clear interpretation, but it probably corresponds to a disordered MPD molecule(s), partial fitting of MPD into the density being possible (Fig. 5) .
Although comparison of the 2′-O-Me(CGCGCG) 2 structure in the P6 1 22 and P3 2 12 crystals delineates the stability of the water shell in the minor groove under dehydrating conditions, the intrusion of MPD alters the water network, i.e. the waters in the minor groove no longer function as weak acceptors from exo-NH 2 groups of guanines, as previously observed (27) . One might speculate whether release of the exo-amino group of guanine residues from bonding to the minor groove water network has a role in promoting change in the guanosine residues to a syn conformation.
Results presented here shed new light on the structure and hydration shell within the (CG) n family of RNA duplexes and might be of interest to all studying 2′-O-methylated RNA in a broader sense (28, 54) . Stereoselective binding of MPD to the minor groove of 2′-O-MeRNA, observed for the first time, delineates conceivable modes of water-mediated binding of alcohols or other hydroxy group-containing small molecules to RNA (50) and points to the factors governing RNA dehydration as a prerequisite of Z-RNA formation.
